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PREFACE

This analytical report by members of the Geological Survey Infrared
Loboratory was the result of work conducted in support of infrared in-
strument investigations funded by the NASA ﬂanned Spacecraft Center,
Houston, Texas. These investigations are primarily directed toward
infrared imaging scanner systems but also include ancillary ground
monitoring, dats handling and interpretation equipment. Their purpose
is intended to support other Applications Program tasks by prdviding
background information on instrumentation and techniques of operation
gnd interpretation. The infrared image was provided by the United States

Air Force.



INTRODUCTION

Images produced by infrared scanners at thevpresent state~of«the
art are not quantitative, However it is highly desirable to have some
means of objectively assessing image density, which in turn is related
to terrain radiance, ﬁecording microdensitometry is a useful technique
‘for this purpose.

This report describes some of the modifications that have been
made to a Joyce=Loebl Microdensitometer-Isodensitracer'(MDT-IDT) to
adapt it to our speciai needs, We have also examined briefly the

Tech/Ops image quantizer and an example of the results is given,

THE JOYCE-LOEBL MDT-IDT

The Joyce=Loebl MDT<IDT is used érimarily to analyze images
generated by an aerial infrared scanmner (fig. 1). The MDT-IDT produces
a map of the IR film density, wherein density levels are indicated by
appropriate symbols, either space, dot, or dash (fig. 2). It is
convenient to consider the boundaries of density levels as contour
lines, The MDT-IDT offers several advantages in image analysis. It
quantizes density levels and variations in level by direct comparison
against a standard density wedge. This avoids the usual errors connected
with subjective visual comparisons and allows accurate correlation of
density over wide areas., Moreover, by proper choice of contour interval,
small scale variations in density can be enhanced. These maps are
easily reproduced as illustrations or slides, avoiding problems of tonal
value distortion in reproduction, or in viewing, the original film. As
a derivative of the original imagery, it allows an unclassified presenta-
tion of data that might otherwise be classified.
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The following discussion assumes that the reader has some working

knowledge of the Joyce-Loebl MDT-IDT.
The IDT color attachment

The MDT-IDT in conventional operation generates a black and white
map using only three symbols -- space, dot and dash, Where density
" gradients are steep or rapidly changing, we found the 3-mode black
and white map difficult to interpret. An attachment was developed
which divides the density range into seven color-coded divisionsl/
(fig. 3). The system employs seven lights (one for each division)
placed along the path of the microdensitometer pen (figures 2,3,4),
A photocell attached to the microdensitometer pen allows the
isodensitracer to record only when the photocell is in the light path.
Using the number 12 pen encoder (commutator) provided with the instru-
ment, the full scale range gives 21 different density increments (seven
major divisons each with a space, dot and dash pen mode). In'orde; to .
give each major density division a color, it is necessary to make a .
separate run over the entire area for each division. When one run is
completed, that light is turned off, the neighboring one turned on, and
the next run is made, and so on, The biggest problem which arises is
to keep the datum constant since it will take up to seven times longer
to obtain the complete density map.

Construction of the IDT color attachment
The color attachment consists of (a) a bank of lights (placed

.along the path of the MDT pen); (b) a photocell (attached to the MDT

1/ A four-color IDT is now available commercially.
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pen arm snd scanning the lights); (¢) a relay (which is comtrolled
by the photocell and which sllows the IDT circuit to primt the dot
or dash corresponding to the commutator positiom); and (d) a power
supply for the light compartments, photocell, and relay (fig. );).

The light bank is a box, febricated from 1/16" aluminum, with e
length equal to the full traverse of the MDT recording pen arm. The
box is divided into seven compartments (fig. 5). The width of each
compartment matches that of a major density division (2.75 cm.); the
ccant opening corresponds to the dash and dot medes (1.84 cm.)
and the campartment divider to the space mode (0.919 cm.). The
dividers are aluminwmm strips cut 0.9 cm. wide and epoxied over the
campartment seperstors. Since the dividers coincide with the space
nqd.es » they can be made slightly narrower than the mode width. This
allows some adjustment_ to align the compartments with the correspond-
ing mode positionms.

Inside each light campartment are two lemps (Sylvania 120 PSB
in socket BO 151). For each campartment there is a separate lemp
switzh mounted om top of the‘ chassis.

The photocell 1s an RCA type Thl2 oriented with the sensing
element vertical snd placed in a cylindrical housing. The housing
end is masked to form & vertical slit which coineides with the photo-
cell element (fig. 6). In our prototype we used a section of ballpoint
pen case, with a slitted bakelite disc glued on the end. The photocell
is mounted on the MDT recording pen arm (by & "Dial-lite” spring clip)
so that it scans successive lsmp compartments as the pen moves. The ‘

separation between the photocell and the light bank should be as small
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as possible to prevent the photocell from seeing light spillover from
ad jacent ccnpartmepts and to reduce sensitivity to smbient light.

The power supply voliage to the photocell and relay is adjusted so
that the relay closes when the lamps are lit. This voltage will range
from 20-30 volts (fig. 7).

The power supply and photocell relay are mounted above the light
bank on the same chassis. The control switches on top include the
individual compartment light switches, a main switch for all ccﬁpartnents ,
and a switch (DPST) to bypass the photocell relay and allow normal IDT
operation (printing all modes).

The mounting bracket is bolted to the MDT by means of the head
housing balts along the left side (fig. &). The bracket holes are

overslize slotted to allow movement of the light bank for proper aligmment.



Recording procedures

The general procedure for making a color isodensity re_cording is
as follows:

The MDT and IDT are turned on (following the instruction manual)
except for the pen drive switch on the IDT. The mode switch (“sato-
normal") on the IDT comsale must be in the "normal™ position. The pen
drive is not twrned on until the cammencement of zeroing operations.
Warm-up time must be at least ome hour to minimize zero drift of the
instrument during actual recording operations.

During this time the semple is placed in the sample tray and
oriented as desired. With normal photograephic transparencies the
orientation is not critical, but for transparencies with raster lines
(e.g. IR imsges) the lines should be perpendicular to, or at 459 to,
the direction of table travel. The 45° orientation allows the MDT to
integrate the raster lines to produce & smoother record but some loss
of detail results. Usually the shape of the desired semple ares and
the required resolution favor the perpendicular orientation.

The selection of the scanning aperture size must consider several
factors: +the spacing, density snd contrast of raester lines or emulsion
grain, the IDT scen line specing (which depends on magnification and
resolution) and the required sample resclution. Integration of promounced
grain or raester lines requires larger apertures with resulting loss in

spatial resclution. Here some compromise mmst be made.



The ratio amm setting is selected on the ﬁasis of the magnification
desired and the size of the sample area. This setting determines the
relative travel of the sample and recording tables (teble 1).

IDT recordings of lerger sample areas can be made as a series of
separate, overlapping records which are then pieced together- as a mosaic
This method usually does not prove practical for magnifications over 10X
owing to inaccuracies caused by cumulative errors that make matching
difficult.

The scan line interval must be chosen so that the ratioc of the sample
scan interval to the recording scan interval is the same &8 to the ratio
arm setting. This gives equal magnification perpendicular to the scan
lines as well as parallel to them. The sample scan interval should be
adjusted relastive to the sperture size so as to give sufficient scan overlep
{10 insure lateral scan integration campareble to that in the direction of
the scan lines. Overlap should be on the order of 25% to 50%.

The specimen drive is then disengaged and the density range of the
desired sample area is determined by messuring the greatest and least
densities of the film. The reference wedge with the least slope that will
allow these densities to be reproduced will give the greatest detail. If
great detail of a small portion of the film density graident is wanted
(for example, low contrast ancmslies against a high contrast ‘backgrmmd)

a wedge is selected to reproduce that smaller density range. Density values

outside of this range will comsequently not be reproduced.



Table 1. Relative table travel

Maximum Scenned Length Maximm Scanned Width
Ratio Arm Setting Sample Table Recording Tsble Semple Table Rec
1 10 in. 10 in. 8 in. 8 in.
2 5 | ] " u " "
5 2 " " 1’6 1] 1]
10 i" " 0.8 " "
25 O.h 1t " 0.32 " 1]
50 0.2 " " 0.16 " "

The reference light beam and specimen light beam must be matched in
intensity. The intensity of the specimen light beam depends on the effective
scanning aperture and the background density of the semple. The reference
light beem is adjusted by the insertion or removal of neutral density
filters. In the case of large specimen epertures snd/or extremely low
specimen densities, a neutral density filter may be required in the specimen
iight beam. The “"Pen Zero" control is then used to bring the MDT recording
pen on scale 80 that the lowest density is on scale at same low value. If
several records are to be made which must have the same relative density
values, the sample is shifted to one side and a standard £ilm reference
with a density close to that of the least dense area of the sample is inserted
into the seample light beam. The pen zero is then manually set to the closest
point (in the lowest division of the samples density range) where there is
& change in pen mode. This value is recorded on a sheet of MDT profile
paper to be used as a zero point check. The semple is replaced and checked

to make sure the greatest and least density values desired are still on scale.



The first line of the sample is then run &s an MDT profile on a second
sheet of MDT paper. This MDT profile will serve as the zero line

profile to be rechecked at the begimning of each color run. Use of this
zero line profile offers several advantages. Reproducibility of the

zero line profile depends directly omn the comstancy of mechanical
linkages as well as electrical factors and gives positive evidence of

any shifting of the sample, linkages or electrical balance. The length
of the zero trace minimizes any errors caused by pen tracking error. Use
of the ssmple %Zero line instead of the film reference avoids excessive
sample manipulation and thus minimizes chances of linkage shifts. In
practice, several copies of the sero line profile are made so that a copy
can be retraced for comparison before each run and one copy can be filed
with the finished recording. The major color divisions may be recorded in
any sequence. It is scmeiimes helpful to record first the density divisions
containing the critical areas to mske sure the contour interval and position
chosen accentuste the desived feamturee. Since the contour intervals are
fixed by the MDT reference wedge, the position of the comtour lines (as
indicated by the “break points" of mode change) relative to the denmsity
gredients of the sample are variable by means of the pen zero control
(another advantage to having the zero line profile). Any shift of the pen
zero control cencels the previous aligmment of the standard film reference
with a point of change in pen mode, It is difficult to find a new
standerd film reference which corresponds to the new mode chenge point.

It is better to draw a new MDT zero line profile to be used in zeroing
operations. The displacement of the new zZero lime profile shows exactly

the amount of pen zero shift and allows the original setting to be
recovered 1f desired.



Each major density division is then run with its separate light and
color. At the start of each color run the zero line profile is drawm and
compared with the original profile. Any zero drift is corrected and the
first IDT lines are run as specified for alignment check. Electromic
shifting of the zeroc point shows as a vertical displacement of the entire
zero line profile, and can be corrected by adjusting the pen zero comtrol.
| The IDT teble is then inserted and the table stop adjusted to limit
table travel to the scan length desired. The sample and recording tables
are set at their stming points, a pen of the desired color is inserted
in the recording pen cerriage, and the first seversal lines are run with all
the division comtrol lights on, so that the camplete density range of the
lines are recorded. These lines serve as an additional check for alignment
of succeeding runs. If the detail recorded along these lines is too complex,
only one or two lights are turned on to give clearly defined patterms for
checking aligmment. The same lights must be used each time aligmuent is
‘checked.

The compiete run is then made with only the desired density division
light on and the corresponding colo;- pen installed. Re;i is usually used
for the density corresponding to the highest temperstures. The ccnplete
recording will be a contoured density map of the sample with calor-coded
density increments. It 1s helpﬁ\i +0 meke MDT traverses to provide profiles
through important areas of the recording. These can be correlated to the
IDT recordings by reporting the scan line mumber as shown by the sample

table counter.



THE TECH/OPS IMAGE QUANTIZER

Isodensity maps have also been made with the Tech/Ops Inc. image
quantizer., This is a facsimile recording-type machine with specimen
film and recording paper attached to a rotating drum. A light bean,
either reflected or transmitted, is detected by a photomultiplier.

'Recording is by an electrical signal impressed on a stylus in contact
with sensitized recording paper,

The image quantizer has four density modes which are printed as
white, light grey, dark grey and black. The total density range and
density increments are adjustable by steps. The minimum scanning
aperture of 100, lack of magnification, and the single color printing
make it somewhat inflexible for our purpose, However, it has the distinct
advantage of rapid recording. An isodensity map of Balayan Bay, Philippines

made by the image quantizer is shown in figure 8.
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Figure 1. Infrared image of Balayan Bay,
ILuzon Island, Philippines,
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To acquire color copies of figure 3 (IDT color density map of in-
frared image of Balayan Béy, Luzon Island, Philippines), requests should
be made to the U.S. Geological Survey Library in Washington, D.C. The
reader will be provided with inner negatives for printing and with names

of color processing firms equipped to produce quality prints.
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Figure LA

Rear view of MDT showing color attachment:

A - light compartments

ov)
]

photocell housing

Q
1

chassis

D - "diagl-lite" spring clip attachment to
recording pen arm



Figure 4B Side view of MDT showing color attachment:

A

(@]

*ﬁmb

- photocell relay

lamp socket

light compartment switch

- main light switch

photocell circuit bypass switch

mounting bracket
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Tech/Ops density map of figure

Figure 8,
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